Abstract: The Runge-Kutta (RK)-Butcher algorithm is used to study the timevarying singular bilinear systems with the exact solutions. The results (discrete solutions) obtained using the Haar wavelets, Single-Term Walsh series (STWS) and RK-Butcher algorithms are compared with the exact solutions of the time-varying singular bilinear systems. It is found that the solution obtained using the RK-Butcher algorithm is closer to the exact solutions of the time-varying singular bilinear systems. The RK-Butcher algorithm can easily be implemented using a digital computer and the solution can be obtained for any length of time, which is an added advantage of this algorithm.
The RK-Butcher algorithm of equation (1) is of the form 4 16
5 th order predictor
4 th order predictor
The local truncation error estimate (EE) is
Then the formation of the Butcher array of the above equation (2) Consider the linear first order time-varying singular system
with x 0 = x(0), where K is an n × n singular matrix, A is an n × n matrix, B is an n × r matrix. x(t) is n-state vectors and u(t) is an r-input vector.
The time-varying singular bilinear system is of the form
E(t)
.
x(t) = A(t)x(t) +
equation (4)is written in the form (3) as
E(t)
where the singular matrix E(t) ∈ R n×n , the state x(t) ∈ R n , the control u(t) ∈ R q , A(t) ∈ R n×n and B(t) ∈ R n×q . N i (t) ∈ R n×n and u i (t), i = 1, 2, 3, ...., q, are the components of u(t). The response x(t), 0 ≤ t ≤ t i , is required to be found. The time-varying singular bilinear systems are much more difficult to solve than the time invariant singular bilinear systems. Therefore, many authors have tried various transform methods to over come these difficulties. In this article, we introduce RK-Butcher algorithms with more accuracy to solve these time-varying singular bilinear systems.
Numerical Example
Consider the time-varying singular bilinear system of the following form (Hsiao and Wang [5] ) and Sepehrian and Razzaghi [6] ).
when we solve (5), the analytic solution for x(t) can be shown as
The discrete solutions of equation (5) are evaluated using the RK-Butcher algorithms (with step size t = 0.25 ) represented in equation (2) and the results are compared with the solutions obtained by the Haar wavelets method by Hsiao and Wang [5] and the STWS method by Sepehrian and Razzaghi [6] . The results are shown in tables 1 -3 along with the exact solutions calculated using equation (7) . Errors between the exact and discrete solutions are also given in Tables 1 -3 
Conclusions
The discrete solutions obtained using the RK-Butcher algorithm gives more accurate values when compared to the Haar wavelets method discussed by Hsiao and Wang [5] Sepehrian and Razzaghi [6] . From the tables 1-3, one can observe that the solutions obtained by the RK-Butcher algorithm match well with the exact solutions of the time-varying singular bilinear systems, but the Haar wavelets and STWS methods yields a little error. Hence the RK-Butcher algorithm is more suitable for studying the time-varying bilinear systems.
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